The spatial vectorcardiograms of 24 subjects with electrocardiographic evidence of right bundle branch block are described. Correlation of the vectorcardiographic patterns observed, with clinical and roentgenologic data, suggests that the recognition of ventricular hypertrophy in the presence of such a conduction defect may be improved by this method of study.
ALTHOUGH characteristic electrocardiographic features identify most cases of right bundle branch block, evidence of associated myocardial lesions may be masked by the prolonged QRS complex and resultant secondary T-wave changes. Infarction can usually be recognized by changes in the initial portion of the QRS complex, which is not significantly altered by this conduction defect, but other myocardial abnormalities result in changes in later portions of the QRS, the S-T segment and the T wave, all of which are grossly affected by right bundle branch block. In our experience, electrocardiographic evidence of ventricular hypertrophy is often lacking even when clinical and roentgenologic examinations indicate its presence.
The present study of right bundle branch block was designed to investigate the possibility that three-dimensional vectorcardiography might provide information concerning the state of the myocardium which is not apparent from the electrocardiogram as currently used.
MATERIALS AND METHODS Twenty-four subjects whose electrocardiograms fulfilled the conventional criteria for diagnosis of right bundle branch block were selected for study. From The pertinent clinical data are summarized in table 1. The electrocardiograms of all subjects showed a QRS duration of 0.12 second or more in the standard leads, all but three showed broad S waves in lead I, and all had large bifid or slurred R waves in leads from the right side of the precordium. Subjects whose electrocardiograms were in any way atypical of right bundle branch block were not included in this report. Eighteen subjects had roentgenologic evidence of left ventricular hypertrophy. Of these, 10 had diastolic hypertension, 1 had syphilitic aortic insufficiency, 1 had cardiac disease of unknown etiology and the remaining 6 were considered to have arteriosclerotic heart disease. Subjects 9, 16, 17 and 18 ( fig. 1 ) had electrocardiographic evidence of anterior myocardial infarction. Subject 13 died following prostatectomy and postmortem examination of the heart revealed moderate left ventricular hypertrophy. The heart weighed 450 Gm., and the left and right ventricular walls measured 20 mm. and 6 mm., respectively. Three subjects, 2 with cor pulmonale and 1 with an interatrial septal defect, had right ventricular enlargment and little or no enlargement of the left ventricle. Three subjects had no clinical or roentgenographic evidence of cardiac enlargement. One had arteriosclerotic heart disease, and in the other 2, right bundle branch block was the only evidence of cardiac disease.
Projections of the spatial vectorcardiograms on frontal, sagittal, right, left and superior planes of the equilateral tetrahedral reference system were photographed from cathode ray oscilloscopes. The oscilloscopic trace was interrupted at approximately 1/600 second intervals to indicate time. Simultaneously recorded frontal and sagittal projections were utilized to construct wire models representing the spatial vectorcardiograms. Accuracy of the models was checked against the projections recorded from right, left and superior planes of the tetrahedron.
Details of the methods employed appear in previous publications from this laboratory." 2 A few of the subjects were also studied by a recently described method of recording stereoscopic views of the spatial vectorcardiogram directly from two cathode ray oscilloscopes.3 leads and precordial leads V1 to V6, were obtained in all instances, and unipolar leads from the limbs and back were available in most cases.
The form, direction of inscription and direction of axis of the QRS s4-loops have been studied. The term, axis of the loop, is used to indicate a line drawn from its origin to its most distant point and QRS st-loops of the 18 subjects with left ventricular hypertrophy are shown in figure 1. Most of these records show considerable similarity. In the frontal plane all were inscribed in a counterclockwise direction and in most instances they enclosed wide areas. In the sagit- of this portion of the records was also variable and in three instances, subjects 7, 9 and 13 ( fig. 1 ), there were striking irregularities. Subjects with Right Ventricular Hypertrophy. Frontal and sagittal projections of the spatial vectorcardiograms of the 3 subjects with right ventricular hypertrophy are shown in figure 2. Two of these were inscribed in a clockwise and one in a counterclockwise direction in the frontal plane. In the sagittal plane one was inscribed counterclockwise and two clockwise. * All directions are given in the conventional manner, in terms of the subject.
The records shown in figure 3 were obtained from 3 subjects; 2 had no evidence of cardiac disease other than right bundle branch block and the other (subject 24) was a subject with coronary arteriosclerosis without cardia' enlargement. Subject 22 had intermittent right bundle branch block. In figure 3 , A and B represent, respectively, normal conduction and conduction with the right bundle branch blocked in this subject. It will be noted that except for the terminal portion, which undoubtedly represents activation of the right ventricle in the case of B, the contour of these QRS st-loops is similar. The frontal plane projection of each of the QRS se-loops in this group was inscribed in a counterclockwise direction. Two were inscribed counterclockwise and 1 clockwise in the sagittal plane. The axes of the loops of subjects 22 and 23 were +60 degrees in the frontal plane and between +110 and +120 in the sagittal plane. The QRS sf-loop of the other subject of this group had a long limb extending to the right of the isoelectric point, with an axis, as defined, of -120 degrees in the frontal and -65 degrees in the sagittal plane. The axis of the initial portion, however, was +60 degrees in the frontal and + 120 degrees in the sagittal plane.
The electrocardiograms of 1 subject from each group are shown in figure 4 , and stereoscopic photographs of wire models representing the QRS st-loops of the same subjects are shown in figure 5 .
DIscussIoN
Since the number of records studied is small and because pathologic examination has been obtained in only 1 of the subjects of this study, no more than tentative conclusions can be drawn.
With one exception (subject 1), the records obtained from subjects with left ventricular hypertrophy, as determined by clinical and SPATIAL VECTORCARDIOGRAM radiologic means, were strikingly similar to each other, and, in their initial portions, to records obtained from subjects with left ventricular hypertrophy without bundle branch block. The electrocardiograms of only 5 of these subjects had been previously interpreted as suggestive of left ventricular hypertrophy, although most indicated myocardial abnormalities. Theoretically, the ventricular gradient would be useful ment that vectorcardiographic methods may be useful in distinguishing this combination of lesions.
Records obtained from 3 subjects with isolated right ventricular hypertrophy and right bundle branch block were characterized by having the greater portion of the area enclosed by the QRS stk-loop to the right of the isoelectric point. The direction and contour of the stances, reflect diffuse damage to the myocardium of the right ventricle. The initial portions of the QRS st-loops from 3 subjects with no evidence of cardiac enlargement were similar to those of normal subjects. The late portions of the vectorcardiogram, representing spread of the wave of activation through the right ventricle, were smooth in contour. None exhibited the extensive irregularities encountered in some of the subjects with ventricular disease.
The small number of subjects in the last two groups studied does not permit establishment of any conclusions. However, it appears that fur-4
The QRS se-loops of the subjects with left ventricular hypertrophy and right bundle branch block exhibited considerable similarity, suggesting that it may be possible to recognize this combination of lesions by spatial vectorcardiograms.
Records obtained from small groups of subjects with isolated right ventricular hypertrophy and right bundle branch block and with right bundle branch block not associated with cardiac enlargement seemed to have some distinctive features and indicate the desirability of further study of the spatial vectorcardiogram in these states.
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FIG. 5. Stereoscopic photographs of wire models representing QRS st-loops of the representative subjects whose electrocardiograms are shown in figure 4 . Stereoscopic effects are best obtained from these photographs by placing a card between the respective pairs and viewing them from a distance of 5 to 10 inches. ther studies of this type are indicated, since aids to the diagnosis of right ventricular hypertrophy in the presence of right bundle branch block and recognition of right bundle branch block without associated myocardial disease would be of considerable clinical value.
SUMMARY
The QRS s:t-loops of 24 subjects with electrocardiographic evidence of right bundle branch block have been described. The records have been divided into three groups, on the basis of clinical and roentgenographic evidence of ventricular hypertrophy.
